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LOW-SPEED LONGITUDINAL AEBODYNAMIC INVESTIGATION O F  
PARAWINGS AS AUXILIARY LIFTING DEVICES FOR A 
SUPERSONIC AIRPLANE CONFIGURATION 
By W. Pelham Phi l l ips  
Langley Research Center 
SUMMARY 

A wind-tunnel investigation has been conducted t o  determine the improve­
ment i n  low-speed aerodynamic performance character is t ics  which might be realized 
by the use of high-performance parawings as auxi l iary l i f t i n g  surfaces fo r  over­
loaded supersonic airplanes.  Included i n  the investigation were the e f fec ts  of 
parawing or ientat ion with respect t o  the airplane on the longitudinal t r i m  char­
a c t e r i s t i c s  i n  overloaded cruise conditions (a t  moderate l i f t  coeff ic ients) .  
Studies of the e f f ec t s  of varying parawing incidence angle and ver t ica l  
posit ion re la t ive  t o  the airplane indicated tha t  the addition of auxi l iary para-
wings can produce maximum l i f t -d rag  r a t i o s  similar i n  magnitude t o  tha t  of the 
airplane-alone configuration and at  l i f t  coefficients nearly three t i m e s  as 
large.  
The drag penalty generally encountered i n  providing longitudinal trimming 
moments a t  moderate l i f t  coefficients w a s  reduced by using longitudinal parawing 
posit ion t o  t r i m  the configurations at m a x i m  l i f t -d rag  r a t io .  Sl ight ly  la rger  
values of trimmed maximum l i f t -d rag  r a t i o  could then be obtained fo r  the 
airplane-parawing configuration having a parawing incidence of  5' than f o r  the 
airplane-alone configuration using conventional methods of t r i m .  
Increasing the parawing incidence t o  loo provides more l i nea r  pitching-
moment variation with l i f t  i n  the h igh- l i f t  range; t h i s  enables the use of con­
t r o l  deflections f o r  t r i m  at the higher l i f t k  desirable f o r  take-off or landing. 
However, t h i s  increase f n  parawing incidence results i n  a reduction i n  maximum 
aerodynamic efficiency. 
INTRODUCTION 
The National Aeronautics and Space Administration i s  investigating methods 
of improving the low-speed performance potent ia l  of supersonic a i r c r a f t  i n  an 
overloaded or high-altitude f l i g h t  condition. Improved low- speed performance 
f o r  overloaded t a c t i c a l  a i r c r a f t  would enhance the subsonic range capabili ty and 
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reduce take-off and landing distances; t h i s  would allow the a i r c r a f t  t o  assume 
additional roles  of long-range fe r ry  or  ae r i a l  reconnaissance. 
One means of providing the desired overload or a l t i tude  capabili ty might be 
through the use of f lexible  auxiliary wings (parawings) t ha t  could be eas i ly  
attached t o  s t ructural ly  adaptable a i r c r a f t  for  these special missions. The 
resu l t s  of an exploratory study of a parawing as a h igh- l i f t  device for  a i r c ra f t  
are reported i n  reference 1. The conventional low-aspect-ratio conical parawing 
used, although providing improvements i n  h igh- l i f t  capability, i s  not en t i re ly  
suitable for  long-range fe r ry  or aerial-reconnaissance missions since i t s  addi­
t ion resu l t s  i n  a notable reduction i n  the maximum aerodynamic efficiency from 
tha t  of the airplane-alone configuration. Recent studies ( r e f .  2) directed 
towards improving the performance of parawings have indicated tha t  considerable 
improvement can be accomplished by the use of cylindrical-type (zero camber and 
twist) canopies ra ther  than the conventional conical canopies which have extreme 
washout, and by the use of higher aspect r a t io .  
The purpose of t h i s  paper, therefore, i s  t o  report  the r e su l t s  of a low-
speed wind-tunnel investigation of the longitudinal aerodynamic characterist ics 
of a supersonic airplane configuration u t i l i z ing  high-performance auxiliary 
parawings having both r ig id  and f lexible  leading edges. Several methods of . 
attaching the parawing t o  the airplane were investigated. Also investigated 
were the e f fec ts  of  parawing orientation with respect t o  the airplane on the 
longitudinal t r i m  character is t ics  i n  overloaded subsonic cruise conditions 
(moderate l i f t  coefficients) . For this study horizontal- ta i l  deflections were 
used t o  a t t a in  trim a t  the high l i f t s  required fo r  landing o r  take-off. Wind-
tunnel studies were made i n  the Langley high-speed 7- by 10-foot tunnel at  a 
free-stream dynamic pressure of 8 pounds per square foot corresponding t o  an 
average t e s t  Reynolds n y b e r  based on the mean aerodynamic chord of the airplane 
model wing of 0.585 x 10 . The test angle-of-attack range extended from approx­
imately -lo t o  2 4 O  a t  a s idesl ip  angle of Oo. 
SYMBOLS 
The data herein are presented about the s t a b i l i t y  system of axes. All 
coefficients including the. data obtained fo r  the parawing alone are nondimension­
alized with respect t o  the projected planform area and mean aerodynamic chord 
of the airplane model wing. The moment reference point was located at 67.1 per­
cent of the fuselage length f o r  a l l  configurations except the parawing-alone 
configuration fo r  which the moment reference point w a s  located at 70 percent of 
the parawing root chord. 
L i f t  
CL l i f t  coefficient, ­
q s w  
CD drag coefficient, qsw 
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~pitching-moment coefficient, Pitching moment 
qswzw 
aspect rati o  
loca l  chord, i n .  
mean aerodynamic chord (airplane model), 14.625 i n .  
ver t ical  distance of parawing angle-of-attack pivot above moment 
reference point, i n .  
horizontal-tail  deflection, deg 
longitudinal distance of parawing angle-of-attack pivot fore 
(negative) and aft (posit ive) of moment reference point, in .  
free-stream dynamic pressure, lb/sq f t  
parawing planform area, 2.82 sq f t  
wing planform area (airplane model), 3.190 sq f t  
angle of attack, deg 
parawing incidence angle (angle between parawing keel and model 
reference plane), deg 
leading-edge sweep angle, deg 
l i f t -d rag  r a t i o  
maximum l i f t -d rag  r a t i o  
thickness, in .  
Subscr ip ts  : 
P geometric character is t ics  pertinent t o  parawing 
t r i m  trimmed value 
Model components : 
A airplane model 
Pl s t ru t - supported r i g i d  leading-edge parawing with spreader bar 
p2 s t ru t - supported r i g i d  leading-edge parawing without spreader bar  
and with cables connecting parawing and model wing t i p s  
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p3 cable-supported r ig id  leading-edge parawing 
p4 strut-supported flexible leading-edge parawing with cable8 con­
necting parawing and model wing t i p s  
W I N D - " N E L  MODELS 
The wind-tunnel models represented a twin-engine supersonic a t tack airplane 
having various auxiliary parawing configurations deployed above the fuselage and 
wing. Pertinent de t a i l s  of the configurations are shown i n  figure 1. Photo­
graphs of several configurations investigated are  shown as figure 2. A complete 
description of the airplane model may be found i n  reference 3, wherein it is 
designated configuration IV. 
Each of the auxiliary parawing models had ident ical  geometric characteris­
t i c s  as defined by the flat pattern of the canopy membranes (Ap = 6.07, 
= 48.25O, and % = 2.82 square f e e t ) .  The rigid leading-edge panels of 
parawings P1, P2, and P3 were constructed from 1/32-inch-thick aluminum sheet 
t o  simulate the degree of f l ex ib i l i t y  considered s t ruc tura l ly  feasible  fo r  f'ull­
scale parawings. The panel cross sections normal t o  the parawing leading edge 
resemble a figure s ix .  The section reference points f o m d  a r igh t  cylindrical  
hel ix  which had a radius of 28.02 inches and a hel ix  angle of 48.250. The 
reference points at the root and t i p s  formed a plane with the center l i n e  of the 
parawing keel, and the average leading-edge sweep angle (projected) was 49'. 
The membrane of parawings P1, P2, and P3 w a s  a t i gh t ly  woven nylon rip-stop 
sa i lc lo th  weighing 1.40 ounces per square yard. 
Four different  methods were u t i l i zed  i n  attaching the r i g i d  leading-edge 
parawings t o  the airplane model ( f ig .  l ( b ) ) .  Parawing Pi was mounted on several 
unswept s t r u t s  of varying lengths which positioned the parawing pivot axis at 
heights of 3.70, 6.33, 11.05, and 20.65 inches above the model reference plane. 
The keel of parawing Pa could also be mounted d i rec t ly  to  the fuselage which 
fixed the pivot axis at a height of 1.38 inches. An unswept spreader bar con­
structed from streamlined tubing ( t / c  = 0.425) connected the leading-edge panels 
t o  the keel at about 75 percent of the root chord. 
The longi tudind ' locat ion of the support struts was variable so tha t  the 
parawing pivot axis could be moved i n  1-inch increments from 2.2 inches ahead 
t o  1.8 inches aft of the moment reference point (center o f  gravity) of the air­
plane model. 
Parawing P2 w a s  supported a t  the keel by the same struts as were u t i l i zed  
for  parawing 9; however, no spreader ba r  w a s  used. The parawing t i p s  were con­
nected t o  the airplane model wing t i p s  by 1/32-inch-diameter braided s t ee l  
cables. 
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The geometry of parawing P3 was identical  t o  parawing Pz, the only configu­
rat ion difference being the means of attachment. This parawing configuration 
was attached t o  the model fuselage as  well as the wing t i p s  by 1/32-inch-diameter 
cable. 
The f lexible  leading-edge parawing P4 w a s  formed from t igh t ly  woven dacron 
sai lc loth weighing 3.8 ounces per square yard. The leading edge w a s  simply a 
length of l/8-inch-diameter nylon parachute cord covered by l/binch-diameter 
p l a s t i c  tubing ( f ig .  l ( b ) ) .  The shprtest  support s t r u t  (hp = 3.70 in . )  was 
ut i l ized  and the parawing t i p  leading and t r a i l i ng  edges w e r e  attached t o  the 
model wing t i p s  by the nylon cord. 
TESTS AND CORRECTIONS 
The investigation w a s  conducted i n  the Langley high-speed 7- by 10-foot 
tunnel at  a free-stream dynamic pressure of 8 pounds per square foot. The 
average Reynolds number of the investigation was 0.585 x 106 based on the mean 
aerodynamic chord of the airplane model wing.  The models were sting-mounted t o  
reduce support interference and were tes ted through an angle-of-attack range 
from about -1' t o  2 4 O .  A six-component strain-gage balance was used t o  measure 
the forces and moments act$$ on the airplane model. 
The drag data were adjusted t o  correspond t o  flree-stream s t a t i c  conditions 
at the model base. Also, the internal  duct drag was measured and subtracted 
from the t o t a l  drag. The angle of attack has been corrected t o  account for  the 
combined deflection of the balance and sting-support system under load. 
The parawing-alone t e s t  r e su l t s  have been corrected fo r  the wind-on ta res  
of the balance and adapter since they were located j u s t  below the parawing keel, 
although no attempt w a s  made t o  correct the data f o r  the interference e f fec ts  
of  the parawing-balance combination. No attempt w a s  made t o  f i x  t rans i t ion  on 
e i ther  the parawing or airplane model surfaces. 
RESULTS AND DISCUSSION 
A comparison of drag  character is t ics  for  the various-length parawing 
support s t r u t s  used i n  the wind-tunnel investigation i s  presented i n  figure 3. 
Longitudinal aerodynamic character is t ics  fo r  the airplane model d o n e  and para-
wing configuration P1 d o n e  are shown i n  figure 4. The basic longitudinal aero­
dynamic character is t ics  f o r  the airplane-parawing configurations are presented
i n  figures 5 t o  13. Longitudinal t r i m  character is t ics  fo r  the configurations 
are  summarized i n  figures 14 t o  18. An index for  the figures i s  presented as 
table I. All coefficients are based on the geometric character is t ics  of the 
basic airplane wing. 
A comparison of the aerodynamic character is t ics  of the basic airplane con­
figuration ( f ig .  &(a))with those of the isolated parawing ( f ig .  4(b)) indicates 
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t ha t  the l i f t -drag  r a t i o  of the parawing alone i s  nearly twice that of the basic 
airplane alone and occurs at approximately twice the l i f t  coefficient and a t  an 
angle of a t tack approximately 5 O  higher. I n  general, the  resu l t s  obtained with 
the parawing i n  combination with the  airplane indicate that the l i f t  coefficient 
fo r  m a x i m u m  l i f t -drag  r a t i o  can be nearly t r i p l ed  with l i t t l e  or  no loss  i n  the 
magnitude of the max- l i f t -drag  ra t io .  Because of the difference i n  angle­
of-attack requirements, interference e f f ec t s  between the airplane and the para-
wing, and s t a b i l i t y  and control requirements, the investigation included the 
e f fec ts  of parawing incidence and ve r t i ca l  and longitudinal position re la t ive  
t o  the airplane. A br ie f  summary of these e f fec ts  i s  presented i n  the fol­
lowing paragraphs. 
Successive increases i n  the vertica3 distance of the parawing above the 
airplane center of gravity are noted t o  result i n  increased l i f t  coefficients 
fo r  maximum untrimmed l i f t - d r a g  r a t i o  and increases i n  L/D i n  the higher lift-
coefficient range ( f ig .  5) .  Increasing the separation distance between the 
parawing and the airplane center of gravity (f'rom h = 3.70 t o  11.05 inches) 
results i n  a reduction i n  adverse interference effec% at moderate t o  high 
angles of attack as indicated by the successive increases i n  l i f t  and reductions 
i n  drag due t o  l i f t .  Further increasing the support length hp from11.05 t o  
20.65 inches provides only minor improvements i n  L/D i n  the high-l i f t  range. 
Because of t h i s  and the question of s t ruc tura l  f e a s i b i l i t y  of a ful l -scale  sup­
port  strut corresponding t o  the 20.65-inch strut, no f'urther data fo r  parawing 
configurations mounted on the large strut were obtained. 
A comparison of the e f fec ts  of varying the parawing incidence angle 
( f ig .  6) indicates t ha t  the highest values of lift-drag r a t i o  from moderate t o  
high l i f t s  (including (L/D)-) are  a t ta ined fo r  a parawing keel angle of 
approximately 5 O .  The variation of pitching moment with l i f t  f o r  t h i s  keel 
angle exhibited a more pronounced tendency towards in s t ab i l i t y  at high l i f t s  
than w a s  shown f o r  the other keel angles investigated. The i n s t a b i l i t i e s  noted 
r e s t r i c t  the magnitude of the usable trimmed l i f t  coefficients, fo r  most con­
figurations having i p  = 5', t o  valuesf l e s s  than 1.3  ( f ig .  18). However, these 
l i f t  coefficients are  considerably higher than those fo r  the configuration with­
out the parawing. The magnitude of the unstable trend would indicate that it 
i s  amenable t o  aerodynamic f ixes  on the airplane wing since the in s t ab i l i t y  i s  
character is t ic  of the airplane-done configuration. 
Moving the parawing pivot forward of the airplane center of gravity pro­
vided longitudinal trimming moments with only s l i gh t  reductions i n  lift-drag 
ra t ios .  As noted i n  figure 9(b) for  configuration APl with hp = 6.35 inches 
and ip= 5O,  moving the parawing pivot approximately 2 inches forward of the 
center of gravity ( Z p =  -0.20 t o  2p = -2.20) provided a trimmed (L/D)­
of 7.00 as opposed t o  the untrimmed value of about 7.24. This is, of course, 
due t o  the absence of any appreciable trim-drag penalty since longitudinal 
movements of the auxiliary wing rather than conventional control surface deflec­
t ions were used i n  at ta ining trim characterist ics.  However, the 2-inch forward 
movement of the parawing pivot does provide a reduction of approximately
O.05-w i n  the low-l i f t  longitudinal s t a b i l i t y  leve ls  of the parawing configura­
t ions having ip= 5'. 
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Since fore and aft  movements of the parawing configurations produced only 
small ef fec ts  on the l i f t -d rag  ra t ios ,  a s w of the l i f t -d rag  r a t io s  and 
pitching moments fo r  configurations having strut-supported r ig id  leading-edge 
auxiliary parawings i s  presented i n  figures 14 t o  17 fo r  the parawing longi­
tudinal positioning necessary t o  t r i m  the various configurations near (L/D)mm 
without the use of any control deflections. Also included are the e f fec ts  of 
horizontal-tail  deflection on the longitudinal t r i m  character is t ics  a t  high 
l i f t s .  
A summary of the trimmed lift-drag ra t io s  and angles of a t tack fo r  t r i m  as 
a f 'uction of lift coefficient f o r  configurations having the strut-supported 
r ig id  leading-edge auxiliary parawings i s  presented i n  figure 18. The r e su l t s  
indicate tha t  a trimmed l i f t -drag  r a t i o  somewhat greater than tha t  fo r  the air­
plane without the parawing could be obtained with an auxiliary parawing located 
at hp = 6.35 and Zp = -2.20 with ip= 5 O  and tha t  it occurred at  a l i f t  
coefficient approximately three times tha t  for  the airplane-alone configuration. 
Increasing the parawing keel angle t o  loo a l s o  l inear izes  the pitching-
moment curve at  high l i f t s  (compare f igs .  l5(a) and (b ) ). Configuration APl 
having ip = 10' and employing variable deflections of the horizontal tails i s  
noted i n  figure 18 t o  a t t a i n  d u e s  of trimmed l i f t  coefficients of about 1 .4  
without exceeding allowable ground clearance angles for  the configuration 
(a= 14O). However, using a loo keel angle resu l t s  i n  a reduction i n  maximum 
aerodynamic efficiency i n  the moderate l i f t  range. 
Since provision fo r  in - f l igh t  parawing orientation changes would increase 
the complexity and s t ruc tura l  weight of the support system, it would appear 
pract ical  t o  incorporate the capabili ty fo r  pref l ight  longitudinal positioning 
and keel-angle orientation i n  the design of parawing supports t o  allow the 
preferred parawing orientations fo r  missions specifying e i the r  overloaded 
optimum cruise or  short-f ie ld  landings. 
SUMMARY OF RESULTS 
A wind-tunnel investigation has been conducted t o  determine the improve­
ment i n  low-speed aerodynamic performance character is t ics  which might be real­
ized by the use of high-performance parawings as auxiliary l i f t i n g  surfaces for  
overloaded supersonic airplanes. Results of the investigation may be suurma.rized 
as follows: 
1. Studies of the e f fec ts  of varying parawing incidence and ver t ica l  
posit ion re la t ive  t o  the airplane indicated tha t  the addition of auxiliazy 
parawings can produce maximum lift-drag r a t i o s  similar i n  magnitude t o  tha t  of 
the airplane-alone configuration and at l i f t  coefficients nearly three times as 
large.  
2. The drag penalty generally encountered i n  providing longitudinal t r i m ­
ming moments at moderate l i f t  coefficients was reduced by using longitudinal 
parawing posit ion t o  t r i m  the configurations at maximum l i f t -d rag  r a t io .  
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Slightly larger  values of trimmed maxim l i f t -d rag  r a t i o  could then be obtained 
f o r  the airplane-parawing configuration having a parawing incidence of 5' than 
for  the airplane-alone configuration using conventional methods of t r i m .  
3 .  Increasing the parawing incidence angle t o  10' provides more l inear  
pitching-moment variation with lift i n  the U g h - l i f t  range; t h i s  enables the 
use of control deflections for  t r i m  at the higher l i f ts  desirable f o r  take-off 
or landing. However, this increase i n  parawing incidence result$ i n  a reduc­
t ion  i n  maximum aerodynamic efficiency. 
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(a)Configuration AF’I. ip = 5O; hp = 6.35 in.; ZP = -0.20 in. 
Figure 1.-Geometric characteristics of the airplane-parawing configurations of the investigation. 
All linear dimensions are in inches. 
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(b) Parawing configurations P1, P2, PT, and P4. 
Figure 1.- Concluded. 
L-62-6744 
(a) ConfigurationAPI. 5 = 11.05 in.; lp = -2.20 in.; ip = 15'. 
Figure 2.- Several of the parawing-airplane configurations studied. 
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(b)  Configuration A P ~ .kp = 6.35 in.; 1P = -1.20 in.; iP = 5'. L-62-6763 
Figure 2.- Continued. 
P w 
(b) Concluded. L-62-6765 
( e )  Configuration AP4. hp = 3.'(0 i n . ;  lp = -1.20in.; ip = 2'5'. L-62-6767 

Figure 2.- Concluded. 
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Figure 3.- Incremental drag due t o  the addition of the paraving support struts as a function of 
angle of attack. Zp = -0.20 i n .  
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(a) Configuration A. 

Figure 4.-Longitudinal aerodynamic characteristics for configurations A (airplane model alone) 
and PI (parawin@;d o n e )  . 
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Figure 4.-Continued. 
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Figure 6.- Effect of parawing keel angle on the longitudinal aerodynamic characteristics 
for configuration Ap1. hp = 6.35 in.; lP = -0.20 in.; 6t = Oo. 
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Figure 8.- Effect of locating the  parawing pivot axis fore and aft of the airplane center 
of gravity on the  longitudinal aerodynamic charac te r i s t ics  f o r  configuration AP1. 
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Figure 8.- Continued. 
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Figure 12.- Longitudinal aerodynamic characteristics of the wire-supported rigid 
leading-edge parawing (configuration AP3). hp = 6.35 in.; 6t = 0’. 
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Figure 16.- Effect of horizontal- ta i l  def lect ion on the longitudinal t r i m  charac te r i s t ics  f o r  configurations A 
and APl. hp = 11.03 i n .  
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